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Introduction
Up to 40% of patients experience recurrence after curative 
surgery for colorectal cancer (CRC), usually in the form of 
distant or regional metastases. Despite decades of research, 
the mechanisms behind the metastatic process in CRC are 
still not fully understood. We know that metastases to the 
liver, lungs, and peritoneum are most common, but recur-
rence is also observed in the brain, peripheral lymph  
nodes, bone, and thyroid gland.1 Although most recurrences 
(approximately 80%) occur during the first 3 years after  
curative resection, a CRC recurrence may manifest several 
years after curative surgery. On occasion, recurrence from 
CRC may occur as long as 10 years after the initial curative 
resection (ie, disseminated cancer cell dormancy).2 The 
mechanism behind this potentially long time span from 
curative surgery to the manifestation of distant metastases is 
poorly understood. The temporal complexity related to the 
recurrent growth of cancer implies an individualized treat-
ment approach. Among colorectal surgeons and oncologists, it 
is now accepted that “one size does not fit all,” and there is  
an increasing acceptance of a more personalized treatment  
(ie, precision medicine) tailored for the individual patient 
with CRC.

Precision medicine is a new approach to disease prevention 
and treatment based on individual characteristics regarding  
the environment, genes, lifestyle, and individual risk factors. 
Recently, the National Institutes of Health launched a national 
research program on precision medicine, aiming to enroll more 
than 1 million US citizens, where the aim is to explore the area 
of precision medicine (https://www.nih.gov/research-training/
allofus-research-program). Oncology is a natural part of the 

precision medicine initiative, as predictive genetic markers 
already play an important role in clinical decision making 
regarding choice of treatment in cancer. Cancer is a genetic 
disease with multiple risk factors, disease mechanisms, and 
treatment options. Due to intertumor heterogeneity and a wide 
variety of patient characteristics, precision medicine with an 
individualized and tailored treatment approach might be  
beneficial and contribute to improved survival.

The aim of this article is to present factors with a prognos-
tic or predictive potential in CRC, factors that could be used 
in a tailored treatment approach for patients with CRC. First, 
we focus on the variance of CRC predictors and the new 
developments related to tumor molecular biology. Second, we 
address the variance in the anatomy of the colon and rectum, 
and how awareness of the patient’s individual anatomy  
provides individualized patient-tailored surgery. Finally, we  
provide an overview of the implications these genetic, ana-
tomic, and surgical factors may play in the present and in the 
future of CRC precision medicine.

Predictors of Metastatic Spread
There are several acknowledged prognostic factors in CRC, 
predicting the risk of cancer recurrence. Knowledge of these 
factors is fundamental in individualized CRC treatment 
approach, precision medicine, and surgical decision making. 
These predictors are associated with the risk of CRC recur-
rence, and there exist a huge variance among the individual 
patients with CRC related to the prognostic significance of 
these predictors. The most common predictors of metastatic 
spread are described in the following sections.
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Sex

Male sex is a poor prognostic factor of CRC. Men have a 
higher incidence of CRC compared with women and also have 
inferior survival after curative surgery. According to the data 
from the Norwegian Cancer Registry, women have a 12% 
decreased risk of cancer-specific mortality.3 There is compre-
hensive research performed within the field of CRC related to 
gender as a risk factor. It is shown that male sex has a higher 
incidence of CRC and, in general, has a poorer prognosis with 
a higher risk of recurrent disease after curative resection. Storli 
et al4 showed that men have a hazard ratio (HR) of 1.52 (P = 
.03) of death after curative colon cancer resection compared 
with women. Similarly, data from the Norwegian Colorectal 
Cancer Registry and from Japan have shown that male sex is a 
poor prognostic factor.3,5,6 The underlying biological mecha-
nism for the observed gender difference is poorly understood.

Age

Age is an independent risk factor of CRC, and elderly also 
have decreased survival rates after curative surgery. With 
advancing age, cancer registry data have shown that men have 
a higher risk of CRC compared with women.4

TNM stage

It is well established that the TNM system is a useful prognos-
tic marker in CRC. The “T” describes the depth of tumor 
growth in the colorectal wall. T1 tumors invade the submucosa, 
T2 tumors invade the muscularis propria, and T3 tumors 
invade the subserosa. A T4 tumor invades neighbor organs or 
structures or perforates the visceral peritoneum. Advanced T 
category is associated with decreased survival.3 Lymph node 
involvement, “N,” is also associated with decreased survival 
rates. N1 indicates metastasis to 1 to 3 lymph nodes, whereas 
N2 is defined as spreading to 4 or more lymph nodes.3 Distant 
metastasis, M1, will often imply that the disease is incurable 
and has very poor prognosis.

Tumor Morphology
Tumors referred to as CRC are almost exclusively adenocar-
cinomas, originating from the glandular epithelium of the 
colon and rectum. There are histologic subtypes of adenocar-
cinomas, such as mucinous adenocarcinoma (5%-15%) and 
signet ring cell tumors (1%). Typically, signet ring cell ade-
nocarcinoma is associated with younger patients, more 
advanced stages, and poor outcome, compared with non-
signet ring histology. Large population-based studies have 
shown that signet ring morphology is associated with lower 
survival rates in both colon and rectum.5 Mucinous adeno-
carcinoma is also associated with young age and lower  
survival rates, but only in rectum cancer, with no impact on 
survival in colon cancer.5

Histologic Grade
Histologic grade is defined in the TNM classification  
and describes the differentiation of the tumor cells. Well-
differentiated tumors are graded G1 and moderately differen-
tiated tumors, which are most common, are graded G2.  
Poorly and undifferentiated tumors are graded G3 and G4, 
respectively. Tumors with high histologic grade have a worse 
prognosis than G1 and G2 tumors.7

Carcinoembryonic Antigen
Preoperative elevated levels of carcinoembryonic antigen 
(CEA) are associated with a higher risk of recurrence of CRC. 
It is also included in most national surveillance programs after 
curative CRC surgery.8,9 In recent meta-analyses by Tan et al, 
where 20 studies were analyzed, they concluded that CEA has 
high specificity but insufficient sensitivity to detect CRC 
recurrence in isolation. Carcinoembryonic antigen is, however, 
useful as a surveillance test, based on serial measurements 
demonstrating temporal trends, in addition to radiological 
surveillance.10

Lymph Node Harvest
Several studies have identified the total number of examined 
lymph nodes in the resected specimen as a prognostic marker 
of recurrence. This is true for both node-positive and node-
negative diseases. Goldstein et al showed that improved sur-
vival was associated with the number of recovered lymph 
nodes. The 5-year survival rate was 62% for those with less 
than 8 nodes, whereas those with more than 17 lymph nodes 
had a 76% 5-year survival.11 Sjo et al12 showed a similar posi-
tive association with improved survival with an increased 
number of examined lymph nodes.

It is accepted among colorectal surgeons that a D3 resec-
tion, ie, a resection including high tie of the feeding artery, 
draining veins, and resection of all adjacent lymph nodes, is the 
preferred method as this ensures the resection of a higher num-
ber of lymph nodes and a better oncological result.13,14 However, 
the details of a correct D3 resection are still debated, and sev-
eral studies have shown that there exists a significant variance 
of anatomical appearance in the left and right colon. In a recent 
paper by Spasjeovic et al,15 they divided a predefined D3 area 
into 3 vertical compartments. In a postmortem study of 26 
cadavers, they found that resection of the posterior vertical 
compartment had a potential of 5 to 6 additional lymph nodes. 
Similarly, they found that a postoperative computed tomo-
graphic (CT) scan can visualize the arterial stumps and that 
these stumps appear to be significantly longer than previously 
anticipated, implying that there is a significant improvement 
potential when surgical D3 dissection techniques are applied.16

Awareness of anatomy is critical for performing safe sur-
gery within the root of the mesentery. In a recent study by 
Nesgaard et al, they assessed the use of 3-dimensional recon-
structed CT images. They found significant variations in the 
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vascular anatomy in the mesenteric root but were able to iden-
tify 4 different crossing patterns of arteries and veins in the D3 
area (Figure 1).17

Tumor Invasion in Lymphatic and Venous Vessels
Tumor invasion in veins and lymphatic vessels plays a major 
role in hematologic and lymphatic tumor spread. However, the 
frequency of invasion varies widely between different series 
and may be caused by differences in sectioning of the tumor, 
number of examined tumor blocks, use of special staining, and 
interobserver variability. Furthermore, there are no standard 
guidelines for the pathologic examination of the tumor regard-
ing lymphatic or venous tumor invasion.

There is a positive association between lymphatic invasion 
and depth of the tumor, poor differentiation, tumor budding, 
and lymph node metastases.18 However, there are diverging 
results related to whether tumor invasion in lymphatic vessels 
is associated with reduced survival. Liang et  al18 showed an 
association with poor prognosis in univariate analysis, but not 
significant when adjusting for other risk factors. Venous inva-
sion is associated with more advanced T category and tumor 
depth. It is an independent prognostic marker of distant metas-
tases and reduced survival.18,19 Recent surveys have also argued 
that the grade extramural venous invasion should be used as a 
marker to tailor radiochemotherapy.20

The scientific works performed by Dukes and colleagues21,22 
in the 1940s and 1950s, still, represent the cornerstone papers 
related to the metastatic spread of tumor cells through lym-
phatic vessels. They showed that the lymphatic spread of can-
cer cells from the rectum follows a distinct pathway and that 
survival is associated with the extent of lymphatic spread. They 
differentiated between A, B, C1, and C2 cases. The A and B 
cases represented no lymphatic spread, whereas C1 and C2 
cases represented lymphatic spread along the arteries. In 1938, 
they showed for the first time that lymphatic spread follows an 

orderly and distinct pattern, which is important to have in 
mind when performing the dissection along the mesorectal 
fascia.22

Similarly, Dukes23 showed that venous spread was identified 
in 11% of all patients with resected rectal cancer. Interestingly, 
they showed that venous spread was more than twice as com-
mon in patients who had lymph node metastases. Of impor-
tance is that venous drainage of rectum follows 2 distinct 
pathways. In the lower third of the rectum, the hemorrhoidal 
veins empty into the iliac veins and after that to the vena cava 
inferior, the right heart, and the pulmonary circulation. In con-
trast, the upper two-thirds of the rectum drain directly to the 
inferior mesenteric vein, which then empties into the portal 
vein before it enters the liver. Some have argued that this dif-
ference in the venous return may affect the metastatic spread-
ing pattern.24 The mesorectum is the part of the mesentery 
supporting the rectum and includes the perirectal fat, arteries, 
venous drainage, nerves, and lymphatic vessels. A layer of 
fibroareolar tissue, the mesorectal fascia, surrounds the meso-
rectum, and dissection along the surface of the fascia (ie, the 
holy plane) is the key to successful surgical treatment of rectal 
cancer. Staying in the loose, nonvascular tissue between the 
mesorectal and endopelvic fascia also minimizes blood loss and 
protects the surrounding neurovascular anatomy.25

Perineural Invasion
Perineural invasion is defined as direct cancer growth into the 
perineurium of autonomic nerves within the superior and infe-
rior mesenteric nerve plexus.26,27 According to several recent 
trials, its underrecognized route of metastatic spread is an 
emerging pathologic feature in CRC.28 It has been postulated 
that this invasion facilitates movement of cancer cells from the 
primary site to distant metastatic sites through perineural 
routes leading to soft tissue tumor deposits.27 Perineural tumor 
invasion may explain the poor prognosis in patients who have 

Figure 1. An example of the unique individualized anatomy in the D3 area. Arteria ileocolica (MCA) originates from the celiac trunk (CT), taking a 

serpiginous course, arching to the right; descends posterior to the portal vein (PV), splenomesenteric junction, and behind the superior mesenteric vein 

(SMV); and then loops 270° counterclockwise and joins the MCV in front of the SMV, bifurcating into right and left branches. A significant number of lymph 

nodes are located in the D3 area, making this a target area for increased lymph node harvest. Used with permission from Dr Dejan Ignatovic.
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right-sided colon cancer with spreading to the central lymph 
nodes around the superior mesenteric vessels due to their prox-
imity to the superior mesenteric nerve plexus. Perineural inva-
sion is reported as high as 33% in some surveys.27 Recently, 
Chablani et  al found that perineural invasion was associated 
with a significantly worse prognosis in locally advanced rectal 
cancer; median disease-free survival was 13.5 months for those 
with perineural invasion compared with 39.8 months for those 
without perineural invasion (P < .0001). Chablani et  al28  
suggest that their data support further testing of the role of 
adjuvant chemotherapy in patients with perineural invasion.

Tumor Location
Tumor location in the right colon, left colon, or rectum repre-
sents an independent predictor for metastatic spread and thus 
disease-free survival. Recently, Augestad et  al1 showed that 
left-sided colon cancers have a 70% increased risk of isolated 
liver metastases, compared with right colon and rectum can-
cers. Patients with rectum cancers have a more than 200% risk 
of local recurrence or isolated lung metastases, compared with 
right-sided colon cancers. Ding et al24 have shown similar pat-
terns. It is shown that tumors from different portions of colon 
and rectum have different genetic features. For example, micro-
satellite instability (MSI), which is a good prognostic marker, is 
more common in tumors in the right colon than in tumors in 
the left colon and rectum. Hugen et  al compared mucinous 
carcinoma, signet ring carcinoma, and adenocarcinoma and 
found that there are significant differences in anatomical loca-
tion of the different cancer subtypes and that they are associ-
ated with a different spreading pattern. Moreover, they showed 
that rectal cancers more often spread to extra-abdominal 
sites.29 It is not known whether it is the genetic differences, 
histologic subtypes, or the difference in venous drainage/ 
lymphatic return (ie, mechanical properties) that contributes 
most to the observed differences in metastatic spread.

Molecular Prognostic Factors
Microsatellite instability

There are 3 recognized molecular subtypes in sporadic CRC: 
MSI, chromosomal instability, and CpG island methylator 
phenotype.7,30,31 Microsatellite instability is caused by defect 
mismatch repair and is characterized by multiple mutations, 
mainly insertions and deletions, in repetitive sequences of 
DNA called microsatellites. Approximately, 15% of all spo-
radic CRC and all tumors caused by the Lynch syndrome dis-
play MSI. It has been demonstrated that MSI is an independent 
positive prognostic factor after curative resection of CRC, 
with a significantly increased disease-free survival, compared 
with tumors characterized as microsatellite stable (MSS).32 
Microsatellite instability is, however, a negative predictor of 
response to 5-fluorouracil (FU) monotherapy. In a systematic 
review by Guastadisegni et al,33 they showed that MSS has a 
significant beneficial effect on 5-FU monotherapy compared 
with MSI.

KRAS

KRAS is a proto-oncogene and a member of the Ras-family. 
It has been recognized as one of the most commonly mutated 
oncogenes in cancer, and KRAS mutations are demonstrated 
in 30% to 40% of CRC in population-based surveys.34 The 
prognostic impact of KRAS mutation has been investigated 
in several studies, but the results are contradictory, and the 
prognostic value of KRAS is still uncertain.34 However, 
KRAS mutation is a recognized predictor of nonresponse of 
anti–epidermal growth factor receptor (EGFR) treatment in 
metastatic CRC. Treatment guidelines, therefore, recommend 
that this treatment is only given to patients with KRAS  
wild-type tumors (Figure 2).7

BRAF

BRAF is a proto-oncogene and a member of the RAF kinase 
family.34,35 BRAF is activated by KRAS and regulates the 
mitogen-activated protein kinase cascade, including the extra-
cellular signal–regulated kinase signaling pathway, which 
affects cell proliferation, cell-cycle arrest, terminal differentia-
tion, and apoptosis (Figure 2). BRAF is mutated in 10% to 
15% of CRC, the V600E substitution being the most common 
alteration. There are several studies supporting an adverse 
prognostic impact of BRAF mutation, especially in MSS 
tumors. Also, BRAF mutation is a probable negative predictive 
marker in anti-EGFR treatment and is therefore often ana-
lyzed before treatment decisions in metastatic CRC (Figure 2).

PIK3CA

PIK3CA is an oncogene, encoding the catalytic subunit of 
phosphoinositide-3 kinase (PI3K). Mutations in PIK3CA lead 

Figure 2. An outline of the RAS-RAF-MAPK and PI3K signaling 

pathways. Adapted with permission from Merok7 (No. 1745). EGF 

indicates epidermal growth factor; EGFR, epidermal growth factor 

receptor; GTP, guanosine triphosphate; MAPK, mitogen-activated protein 

kinase; PI3K, phosphoinositide-3 kinase.



Augestad et al 5

to constitutional activation and are observed in a range of dif-
ferent cancers (Figure 2).36 The mutation frequency is 10% to 
15% in CRC, and the prognostic value has been evaluated in 
several studies. In recent meta-analyses by Mei et  al,37 they 
found that PIK3CA mutation has a neutral effect on CRC 
overall survival and progression-free survival.

Circulating Tumor Cells
Circulating tumor cell was first observed in the blood of a man 
with metastatic cancer by Thomas Ashworth 150 years ago and 
is an acknowledged prognostic factor in CRC. The seed-soil 
principle, first postulated by Paget in 1889, still represents a 
major area of research and explores the molecular basis of cir-
culating tumor cell (CTC) adherence in peripheral anatomical 
locations.38

Preceding this deposit and organ adherence is the physical 
process where molecules that originate from the primary 
tumor enter the circulation. Principally, these molecules are 
CTCs, circulating tumor DNA (ctDNA), microRNAs, and 
exosomes.39

Although much is unknown related to the mechanisms in 
which these molecules enter the circulation, there is increasing 
evidence that mechanical and physical models need to be used 
to understand how these molecules travel within the blood-
stream and through the body. Weiss et al40 merged the seed-
soil principle with a mechanical model for distant adherence of 
CTC and calculated the metastatic efficiency index (MEI). 
Scott et al38 published, in 2014, a paper in which new and more 
modern theories related to the MEI were forwarded. However, 
despite decades of research, there is still a considerable lack of 
knowledge related to the dynamics of CTC in the capillary bed 
of distant organs.

The ability to analyze ctDNA in the blood (ie, liquid 
biopsy) of people with cancer will facilitate the monitoring of 
therapy responses and patterns of early disease recurrence.41 
Liquid biopsies may have numerous clinical applications.42 
First, a liquid biopsy may be used for screening purposes and 
early detection of cancer. There are several commercial kits on 
the market. In 2014, the Food and Drug Administration 
approved Cologuard (stool testing), and in 2016, Epi proCo-
lon (blood sample). However, given the current challenges of 
identifying CTC in patients with low tumor burden, colonos-
copy still remains the preferred method of screening. Second, 
liquid biopsies may be used for CRC surveillance to detect 
recurrent cancer after curative CRC surgery. Liquid biopsies 
have been found to be more sensitive in detecting CRC recur-
rence compared with CEA.42

The Consensus Molecular Subtypes of Colorectal 
Cancer
The CRC Subtyping Consortium published in Nature in  
2015 a new framework for CRC molecular subtyping.43 The 
objective of the consortium was to assess core subtype patterns 

among existing gene expression–based subtype algorithms. 
The consortium also aimed to characterize the key biological 
features of the core subtypes, including disease-free and over-
all survival. The contortion aimed to establish a framework 
that would facilitate the division of molecular subtypes in  
the clinic. The consortium identified 4 consensus molecular 
subtypes (CMS 1-4) with distinguishing features:

1. CMS1 (MSI immune, 14% of all CRC), hypermutated, 
microsatellite unstable, and strong immune activation. 
CMS1 tumors were identified more frequently among 
women with right-sided lesions and had usually a higher 
histopathologic grade. CMS1 tumors have a very poor 
prognosis after recurrent cancer disease.

2. CMS2 (canonical, 37% of all CRC), epithelial with 
marked WNT and MYC signaling activation. CMS2 
tumors are mainly left sided and have superior survival 
rates after cancer recurrence.

3. CMS3 (metabolic, 13% of all CRC), epithelial and have 
evident metabolic dysregulation.

4. CMS4 (mesenchymal, 23% of all CRC), prominent 
transforming growth factor activation, stromal invasion, 
and angiogenesis. CMS4 tumors tend to be diagnosed 
in a more advanced stage (stages III and IV) and result 
in worse overall survival and disease-free survival. The 
poor prognosis is significant, even when adjusting for 
histopathologic features, MSI status, and presence of 
BRAF/KRAF mutations.

A fifth subtype is classified as samples with mixed features 
(13%) possibly representing transition phenotype or intratu-
moral heterogeneity. According to the Consortium, the CMS 
groups are the most robust classification system currently 
available for CRR, with clear biological interpretability and 
the basis for future clinical stratification and subtype-based 
targeted interventions.43

The Future of Tailored CRC Treatment
Tailored neoadjuvant radiochemotherapy

Numerous of trials have been performed to assess the impact  
of pre- and postoperative radiation and chemotherapy for 
treatment of rectal cancer. In a Cochrane review from 2012, 
evaluations of preoperative chemoradiation for locally advanced 
rectal cancers in 6 randomized controlled trials were assessed. 
They found that there was no difference in overall survival 
between radiotherapy and chemoradiotherapy. However, 
chemoradiotherapy was associated with less local pelvic recur-
rence. It is shown that preoperative chemoradiation causes the 
tumor to shrink, which again is advantageous at surgery.44 
Moreover, a Cochrane review by Petersen et al assessed post-
operative chemotherapy among patients who had a curative 
resection for rectal cancer. They found that postoperative 
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chemotherapy was beneficial, both regarding overall survival 
and disease-free survival after assessing 21 randomized con-
trolled trials.45

Neoadjuvant radiochemotherapy is a standardized preopera-
tive treatment for selected patients with rectal cancer, and 15% 
to 27% of the patients have a complete response with no resid-
ual tumor macroscopically or histologically.46 Maas et al46 show 
that patients with a complete response after radiochemotherapy 
have significantly better long-term outcomes compared with 
those with residual disease and conclude that complete response 
indicates a favorable biological tumor profile. Interestingly, 
patients with complete response have a favorable outcome also 
without surgery. However, we do not yet have the means to 
identify patients who will respond to the neoadjuvant radio-
chemotherapy, left alone the complete responders. Maas et  al 
argue that tumors should be genetically profiled to identify the 
patients who will respond, but for now, we do not know what 
genetic alterations to look for. Furthermore, as discussed by 
Perez et  al,47 several challenges still exist in gene profiling of 
CRC tumors, including intratumoral genetic heterogeneity. 
Perez concludes that the discovery of a clinically useful gene 
expression is unlikely shortly and argues that instead of looking 
at individual gene combinations in the search for gene signa-
tures, an alternative strategy could be the search for deranged 
genetic pathways that may predict complete response.

However, in the area of personalized medicine, systemic 
chemotherapy involving infusion of 5-FU and leucovorin is 
defined as the cornerstone treatment for patients with CRC.

Tailored anti-EGFR and PIK3CA treatment

Approximately 15% to 20% of all patients with CRC have 
mutations in the PI3K pathway, making it one of the most 
frequently altered pathways in CRC (Figure 2).37 Mutations 
usually lead to constitutional activation. The prognostic role of 
this pathway is still debated, but it may be a target area in the 
future of tailored CRC treatment.

Of significant interest is that aspirin (ie, acetylsalicylic acid) 
has been shown to have a potential anticancer effect, targeting 
the PI3K pathway. Aspirin is a nonsteroidal anti-inflammatory 
drug that inhibits cyclooxygenases 1 and 2. Most colorectal 
adenomas and CRCs overexpress the cyclooxygenase-2 (COX-
2) enzyme. Cyclooxygenase-2 interacts with the PI3K path-
ways in different ways, and inhibition of COX-2 results in 
inhibition of PI3K/AKT activity.48 Interestingly, a recent pop-
ulation-based survey by Baines et al49 showed an improved sur-
vival in patients using aspirin regularly. Aspirin downregulates 
PI3K signaling activity through COX-2 inhibition, leading to 
the hypothesis that the effect of aspirin varies according to 
PIK3CA mutational status. Baines et al linked data from the 
Norwegian Cancer Registry with the Norwegian Prescription 
Registry. More than 23 000 patients were included, of whom 
approximately 6000 used aspirin on a regular basis. They found 
that regular aspirin use after curative treatment reduced the 
hazard of having recurrent cancer (hazard ratio: 0.85). They 

conclude that regular aspirin use after curative treatment  
is independently associated with improved disease-free sur-
vival.48,49 However, rigorous designed randomized controlled 
trials are needed before we can make definitive conclusions. 
Recently, the ALASCCA trial (A randomized double-blinded 
placebo controlled study with ASA treatment in colorectal 
cancer patients with mutations in the PI3K signaling pathway) 
was initiated, which is a multicenter randomized controlled 
trial aiming to measure the impact of aspirin among those 
surgically cured for CRC (https://clinicaltrials.gov/ct2/show/
NCT02647099?term=colorectal+cancer+ASA&rank=5).

Biological agents have been discovered that enhance the 
effect of cytotoxic therapy. Bevacizumab is a humanized mon-
oclonal antibody (mAB) that targets vascular endothelial 
growth factor, a central regulator of angiogenesis. Cetuximab 
and panitumumab are monoclonal antibodies directed against 
the EGFR. Cetuximab, panitumumab, and bevacizumab have 
been approved and are in current use for the treatment of 
CRC in the United States. Many other mAbs targeting other 
pathways are currently being tested in clinical trials.50,51

Tailored immunotherapy

Immunotherapy has been postulated to be an emerging  
therapy with a high future potential. The immune system 
plays a major role in the development of CRC, ie, the devel-
opment of the precancerous polyp and the development of 
the colorectal tumor, in the surgical treatment and postsurgi-
cal treatment. This has led to new innovative therapies,  
such as cancer vaccines and T-cell–stimulating therapies.52,53 
Future potential cancer vaccines may be divided into autolo-
gous vaccines, peptide vaccines, dendritic cell vaccines, and 
viral antigen vaccines. Autologous vaccines use cells directly 
from the patient’s own cancer cell, an approach that guaran-
tees that the vaccine will contain all tumor-specific antigens. 
Peptide vaccines attempt to target more specific tumor cells 
by identifying peptides that are unique to the specific tumor 
cell. Dendritic cells play a fundamental role in the immune 
system activation cascade and represent an area for tailored 
immunotherapy. Finally, viral vaccines may play a major role 
in the future, as it is hypothesized that viruses play a major 
role in the development of cancers.52 Furthermore, there are 
several other areas where stimulation of the immune system 
may inhibit tumor growth, including cytokines, toll-like 
receptor agonist, adoptive cell transfer, mAB-based therapy, 
and checkpoint inhibition (Table 1).52,53 Especially, immune 
checkpoint inhibition may have a huge potential, either  
as monotherapy or used together with chemotherapy. 
Immunotherapy with checkpoint inhibition has shown  
considerable clinical benefit especially in mismatch repair–
deficient CRC. Immune checkpoint blockade via monoclonal 
antibodies leads to preferential activation of cancer-specific  
T cells and revival of tumor immunity. Current clinical trials 
of checkpoint inhibition have shown very promising results in 
the subset of patients with CRC.53

https://clinicaltrials.gov/ct2/show/NCT02647099?term=colorectal+cancer+ASA&rank=5
https://clinicaltrials.gov/ct2/show/NCT02647099?term=colorectal+cancer+ASA&rank=5
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Several agents augment host immunity against tumor anti-
gens. Of special interests is that conventional chemotherapies 
may have some effect through the immune system. It is shown 
that oxaliplatin triggers cell death that is immunogenic. It is 
believed that the antitumor activity of oxaliplatin may also be 
related to its immune modulatory effect, and not only as a 
cytotoxic drug. It is believed that several cytostatic agents may 
have this immune modulatory effect, mainly by increasing the 
number of T cells.50,53 However, these potentially tailored 
therapies are not fully developed, and rigorous research is 
needed before routine clinical use.

Tailored surgical technique

Total mesorectal excision is the surgical criterion standard in 
rectal cancer surgery. This technique, where surgical dissection 
is performed along the “holy plane,” ie, the mesorectal fascia 
that surrounds the rectum, is associated with a significantly 
lower local recurrence rate and increased disease-free sur-
vival.54,55 A high tie (D3 resection) of the inferior mesenteric 
artery is recommended, as this will ensure that a high number 
of lymph nodes are removed with the surgical specimen.21,22,25,56 
There is no consensus regarding the separate ligation of veins. 
Moynihan and coworkers argued that the importance of venous 
spread carries implications for surgical technique in the treat-
ment of rectal cancer and provides a rational basis for the early 

ligation of the superior hemorrhoidal vein.57,58 This is, how-
ever, still debated, and there is no consensus on exactly how the 
colonic venous drainage should be ligated.

Recently, it is argued that colon surgery should follow similar 
surgical principles as for rectal cancer surgery, ie, complete 
mesocolic excision (CME) following Toldts plane with D3 
dissection of lymph nodes.59 However, there exist limited evi-
dence related to survival after CME. In 2008, Hohenberger 
et  al59 published a paper arguing for an increased focus on 
standardized surgical techniques for colon cancer. In a recent 
paper by Merkel et al,60 they showed that 5-year cancer-related 
survival rate increased from 61% to 80%. This survival improve-
ment corresponds with the nationwide implementation of 
CME. Similarly, recently published papers have shown promis-
ing results related to the new innovative techniques of D3 resec-
tion of the right hemicolon.16,17 In our opinion, a tailored and 
individualized preoperative planning of surgery is needed, espe-
cially due to the significant anatomical variance in the D3 area.

Tailored postoperative surveillance

It is well known that approximately 40% of all patients surgi-
cally cured for CRC will have recurrent cancer disease within  
5 years after the surgery. Of those, roughly 80% of the recur-
rences appear within 2 years after the initial surgery.3 This high 
recurrence rate is used as an argument to enroll most patients 

Table 1. Tailored treatment of CRC—future perspectives.

INDIVIDUALIzED FACTORS PREOPERATIVE PHASE OPERATIVE PHASE POSTOPERATIVE PHASE

Molecular/genetic factors MSI vs MSS
KRAS mutation
BRAF mutation: BRAFV600E poor 
prognosis
PIK3CA mutation: aspirin treatment 
and anti-EGFR treatment at 
metastatic CRC

Radiochemotherapy Complete responders after rectal 
cancer radiochemotherapy

MSI vs 5-FU monotherapy

Surgical technique 3D reconstruction of D3 area to 
optimize surgical technique
Preoperative MRI

D3 dissection to improve 
lymph node harvest

 

Identification of high-risk 
patients

Preoperative MDT evaluation: sex, 
age, TNM stage, CEA level, tumor 
location, and hereditary factors/
Lynch syndrome

Pathology report: tumor morphology, 
histologic grade, CEA level, lymph 
node harvest, lymphatic invasion, 
venous invasion, perineural invasion

Future perspectives Improved identification of complete 
responders
Radiation to activate the immune 
system

Measurement of circulating 
tumor cells
Improved surgical technique

Risk-adopted postoperative 
surveillance programs
Improved genetic profiling

Future perspectives of  
immunotherapy

Vaccination: whole tumor cell 
vaccines, peptide vaccines, viral 
vector vaccines, dendritic cell 
vaccines
T-cell–stimulating therapy/check-
point therapy

Adoptive cell transfer therapy

Abbreviations: 3D, 3-dimensional; CEA, carcinoembryonic antigen; CRC, colorectal cancer; EGFR, epidermal growth factor receptor; FU, fluorouracil; MRI, magnetic 
resonance imaging; MSI, microsatellite instability; MSS, microsatellite stable.
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in national postoperative surveillance programs. The aim of 
these surveillance programs is to detect recurrences early, offer 
metastatic salvage surgery, monitor the effects of monitoring 
programs, and monitor the social consequences of cancer sur-
vivorship.61,62 Previously, it was argued that these surveillance 
programs improve overall survival by more than 10%.63 
However, recent results from the FACS (Follow-up After 
Colorectal Surgery) randomized controlled trial have shown 
that intensive surveillance after curative CRC treatment does 
not increase the number of patients being offered curative 
metastases surgery. Similarly, in recent meta-analyses, it is 
shown that intensive surveillance does not improve survival.64 
Furthermore, in studies by Augestad and colleagues,65,66 it is 
shown that surveillance programs adhere to a considerable 
cost, which questions these surveillance programs’ cost- 
effectiveness. Recent studies have shown that individualized 
risk prediction for patients with CRC is feasible, and these 
approaches may play a major role in the future of risk-adopted 
postoperative surveillance programs.8,67

Conclusions
There are several areas where treatment and surveillance of 
patients with CRC may be individualized. In such an individu-
alized approach, all prognostic markers (sex, age, histologic 
subtypes, TNM stage, CEA level, genetic factors, radiological 
images, and anatomical factors, among others) should be  
identified and discussed in preoperative multidisciplinary 
team meetings, resulting in individualized treatment plans 
(Figure 3). These plans can include plans for preoperative  
radiochemotherapy, surgical treatment, and postoperative 

surveillance. First, all tumors should be analyzed for known 
prognostic and predictive genetic markers, such as MSI and 
mutations in KRAS and BRAF. This will guide the postopera-
tive treatment and surveillance.

Second, it is important that surgery is also individualized 
based on the considerable variation in anatomy (Figure 1).  
We argue that a 3-dimensional CT reconstruction of the 
regional vessels is of importance in an individualized surgical 
approach to ensure safe surgery and to optimize dissection in 
the D3 area.

Third, in the postoperative period, an individualized  
risk-adopted surveillance program should be developed and 
implemented.61,62

In conclusion, individualized CRC treatment based on 
genetic profiles and anatomical variance will gain increased 
acceptance in the following years.68 It is easy to imagine a 
scenario where preoperative radiology, genetic profiling, and 
liquid biopsies will be used to make individualized plans for 
surgical treatment, radiochemotherapy, and postoperative 
surveillance. Finally, immunotherapy may represent an inter-
esting tailored treatment option in the future.
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Figure 3. The concepts of tailored CRC treatment. 3D indicates 3-dimensional; CEA, carcinoembryonic antigen; CRC, colorectal cancer; CT, computed 

tomography; EGFR, epidermal growth factor receptor; FU, fluorouracil; MRI, magnetic resonance imaging.
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